Objective: To examine whether microdebrider intracapsular tonsillotomy (MT) results in less postoperative pain compared with electrosurgical extracapsular tonsillectomy (ET).
T
ECHNIQUES FOR THE REmoval of tonsillar tissue have varied greatly over the long history of the procedure, ranging from blunt finger dissection to the use of various forms of electrical and radiofrequency energy to cut, coagulate, and ablate the tissue. While many of these techniques may be used to good effect in experienced hands, they all have shortcomings. These shortcomings are manifest in the varying incidence of postoperative bleeding and the varying degrees of postoperative morbidity relative to odynophagia, otalgia, return to normal diet, and resumption of baseline activity. Despite these sequelae, tonsillectomy continues to be the most commonly performed major surgical procedure in children. 1 In recent years, newer methods of tonsillectomy aimed at reducing postoperative pain while still alleviating symptoms have been introduced. There is evidence to support the assertion that trauma to the surrounding pharyngeal musculature during tonsillectomy is responsible for much of the pain experienced during recovery. [2] [3] [4] [5] [6] Depending on the instrumentation used, such trauma may be direct or indirect but is most commonly related to thermal injury.
The impact of thermal trauma is supported by studies showing that cold knife tonsillectomy results in less postoperative pain compared with electrosurgical procedures. 7 However, the increased operative time and intraoperative blood loss associated with cold knife tonsillectomy compared with electrosurgical tonsillectomy have limited its widespread use. 8 The idea that postoperative pain would be reduced by focusing energy delivery to tonsillar tissue and decreasing transmission of heat energy to surrounding tissue is the basis for radiofrequency ablation in tonsillar resection. Studies suggest that radiofrequency ablation tonsillectomy reduces postoperative pain when compared with conventional electrosurgical dissection with monopolar cautery. 2, 9 An alternative means of reducing injury to the surrounding pharyngeal musculature during tonsillar surgery is to perform a subtotal tonsillar resection, also known as a partial tonsillectomy, intracapsular tonsillotomy, or intracapsular tonsillar reduction. Koltai et al 4, 10 have popularized this approach. Partial tonsillectomy is essentially a refinement of the historical use of a tonsillotome or tonsillar guillotine. 11 Various methods of performing partial tonsillectomy have been shown to reduce postoperative pain while successfully alleviating obstructive symptoms. These include carbon dioxide laser excision, 3, 6 the use of an angled endoscopic microdebrider, 4, 10 and more recently, a radiofrequency loop electrode. 5 The hypothesis is that preservation of the tonsillar capsule protects the adjacent pharyngeal musculature from injury intraoperatively and from secondary infection postoperatively, thereby reducing pain related to muscular inflammation.
Most studies assessing tonsillar removal or reduction techniques and their sequelae suffer from shortcomings relative to design. The strongest are prospective, controlled, but unblinded studies in which children and their parents may be influenced by the knowledge that the child is undergoing a "new" procedure intended to reduce postoperative pain. 5, 6 Others are retrospective case-control studies, which additionally suffer from such confounding variables as recall bias, survey bias, and information bias for lack of randomization. 4, 10 The present study was undertaken to address these design issues.
METHODS

STUDY DESIGN
A matched-pair study, in which each child acts as his or her own control, was chosen to limit confounding variables. Once enrolled, children were randomized to receive microdebrider intracapsular tonsillotomy (MT) on one side and electrosurgical extracapsular tonsillectomy (ET) on the remaining side using the SAS 8.2 random number generator (SAS Institute Inc, Cary, NC). Preoperatively, each surgeon was notified via telephone whether MT was to be performed on the right or the left. Children, parents, and the study nurse were all blinded as to which procedure was performed on either side. Following surgery, children and their parents were contacted by the study nurse daily for 14 days for data collection. Information was gathered regarding throat pain ratings on each side, the presence or absence and sidedness of otalgia, and whether there had been any bleeding. Data were entered into an encrypted, passwordprotected database using SAS 8.2 software (SAS Institute Inc).
RECRUITMENT
The study design, informed consent, and informed assent forms were all institutional review board approved. Children aged 5 to 15 years who presented with symptoms of obstruction including persistent snoring with or without apneic events in the setting of tonsillar or adenotonsillar hypertrophy were recruited by one of the participating clinicians. Children with a history of recurrent tonsillitis or peritonsillar abscess were excluded. Parental informed consent was obtained for all children. Children 10 years or older also received an informed assent form, which they were asked to sign. Neither children nor their parents received any compensation for participation in the study. Once enrolled, each family was introduced to the study nurse who explained the study and the Faces Pain ScaleRevised (FPS-R) that would be used to rate postoperative pain. The FPS-R is a 0 to 5 scale using 6 standardized and validated facial expressions representing the spectrum of no pain to severe pain. 12 The nurse then identified a standard time each day when she could contact the family to collect data.
SURGICAL PROCEDURE
Prior to beginning the study, the surgeons involved (C.J.H., M.J.C., B.B., and M.W.) established uniform practices regarding operative technique, postoperative pain management, and perioperative corticosteroid and antibiotic administration. Intraoperatively, each child received an antibiotic (ampicillin sodium intravenously at a dose of 25 mg/kg up to a maximum of 1000 mg/kg or clindamycin intravenously, 10 mg/kg, up to a maximum of 600 mg/kg if penicillin-allergic) and dexamethasone (1 mg/kg up to a maximum of 20 mg/kg). Electrosurgical extracapsular tonsillectomy was chosen as the study standard because this was the approach and technique currently in routine use by all 4 surgeons, and it was performed using a protected, Teflon-coated spatula bovie on a coagulation setting of 20 W. Microdebrider intracapsular tonsillotomy was performed with an angled 15°endoscopic microdebrider (Gyrus ENT, Bartlett, Tenn); resection of tonsillar tissue began medially and proceeded laterally in the method previously described by Koltai et al. 4 Monopolar suction cautery was used to spot-coagulate as needed throughout the procedure. In cases of concurrent adenoidectomy, fulguration was performed using a monopolar suction cautery or by instrumental curettage. Antibiotic therapy was continued for 5 days postoperatively. This consisted of either amoxicillin sodium, 50 mg/kg, up to a maximum of 1600 mg/kg in 3 divided doses, or azithromycin, 10 mg/kg per day on day 1 and 5 mg/kg per day on days 2 to 5 if penicillin-allergic. All children also received a prescription for an appropriate weight-based dose of pain medicine, either 5 to 10 mL of oxycodone-acetaminophen elixir (5 mg/325 mg per 5 mL) or codeine-acetaminophen elixir (12 mg/120 mg per 5 mL) to be used every 4 hours as needed.
SAMPLE SIZE CALCULATION
For purposes of the calculation, a clinical estimate was made that a difference of 2 points on the 0 to 5 scale with a standard deviation of 2 would be significant. Power was set at 0.85 and ␣ level at .05 by convention. Using these figures, the calculation estimated that 24 children or 12 per arm would be needed to achieve statisticalsignificance.Inapairedstudydesign,only12childrenwould be required, but to assure an adequate sample, 25 were chosen.
DATA ANALYSIS
Data on throat pain, otalgia, and bleeding for each side were collected on each of 14 consecutive postoperative days as described in the "Study Design" subsection. The paired t test was used to examine the differences in pain scores for the throat. The correlation between the side of any reported ear pain and the procedure performed on that side was also examined. Comparison of bleeding rates was not possible because there were no episodes of posttonsillectomy hemorrhage in this study. A total of 25 children were enrolled in the study; 13 were female (52%) and 12 were male (48%). Children were between 5 and 15 years of age; the mean ± SD age was 8.08±2.68 years (Figure 1) . Three children (12%) underwent tonsillectomy alone, while the remaining 22 (88%) underwent tonsillectomy and adenoidectomy. All 25 children completed the 14-day follow-up course. There were no deviations from the planned protocol.
Individual pain scores for the MT and ET sides ranged from 0 to 4 and from 0 to 5, respectively. Mean FPS-R scores on each side ranged from 0.96 to 3.08 with standard deviations between 0 and 1.19. From days 1 to 9, MT was significantly less painful than ET, with differences between the means of 0.4 to 0.92 (paired t test, PϽ.001 to .009). Thereafter, the difference resolved. Data on both MT and ET sides show a steady decline in pain over the first 11 to 12 days and a leveling-off thereafter with only 1 child reporting no pain on either side by day 14. On the MT side, mean FPS-R scores leveled off at a score of 1 at day 9, while on the ET side, the mean dropped to a score of 1 at day 12. No children experienced an increase in mean FPS-R scores on either side from one day to the next over the course of the study. Figure 2 and the Table show the mean FPS-R scores by day for both sides over the course of the study.
We compared the presence or absence and the sidedness of otalgia to the procedure performed to examine whether an association was present between it and either MT or ET. Of 25 children, 20 (80%) reported otalgia, which was always unilateral. In children reporting otalgia, we found a 100% correlation between the side of otalgia and the side of ET.
There were no recorded episodes of posttonsillectomy bleeding in any of the 25 children.
COMMENT
This prospective, randomized study demonstrates a significant decrease in postoperative pain measured on a validated pain scale when MT is performed compared with standard ET. These data are in concordance with previously published studies that also show a reduction in pain following MT vs ET. 4, 10 There are anatomic and physiologic explanations for these data that may help guide future innovations in tonsillar surgery.
The tonsillar fossa is bounded anteriorly by the palatoglossal arch (anterior pillar) and posteriorly by the palatopharyngeal arch (posterior pillar). The superior pharyngeal constrictor muscle comprises the lateral boundary. A potential space, the peritonsillar space, bridged by multiple blood vessels and loose areolar connective tissue, separates the lateral constrictor musculature from the socalled tonsillar capsule. This capsule is composed of modified pharyngobasilar fascia with several identifiable folds medially and perforating vessels entering laterally. Fingers of fibrous tissue accompany these vessels and extend deep into the tonsil. 13 As a result the capsule is densely adherent to the tonsil, making surgical dissection between the 2 virtually impossible.
Given this anatomy, 2 options exist for tonsillar dissection: extracapsular (in the peritonsillar space) or intracapsular (removing tonsillar tissue medial to the capsule). When extracapsular dissection is performed, the lateral muscular wall of the pharynx is traumatized with WWW.ARCHOTO.COM 601 a subsequent inflammatory healing response and superinfection by oral bacterial flora. These processes are believed to contribute significantly to posttonsillectomy pain. If the tonsillar capsule is left undisturbed, it may act as a barrier to such inflammation and infection of the pharyngeal musculature, thereby reducing postoperative pain. Evidence published to date supports this contention. [3] [4] [5] [6] 10, 14, 15 Although there have been no direct comparisons between methods of partial tonsillectomy, available data suggest that techniques transferring less heat energy to surrounding tissues cause less damage and are less painful. 7, 9 In light of this, it is not surprising that a method of cold partial tonsillar excision should be significantly less painful than a complete tonsillectomy using electrocautery.
Even in a well-designed study, pain scores can be confounded owing to the highly subjective nature of pain, the effects of varying doses and types of pain medicine, time-of-day effects on reported pain, emotional factors, and the presence of comorbid problems such as low fluid intake, nausea, and vomiting. When measured in separate individuals, these and many other factors may contribute to variations in pain scores and interfere with the accurate comparative assessment of the 2 procedures. A paired study design negates these effects by allowing them to equally influence each procedure in a given child. Even though the study design itself should control for such factors, we standardized our use of corticosteroids, antibiotics, and pain medicine in the perioperative period to allow easier comparison of our data with those of other studies and facilitate possible future meta-analyses. Attempts were also made to minimize intersurgeon variations in MT technique, especially relative to the amount of residual lymphoid tissue in the tonsillar fossa and the amount of monopolar electrocautery performed in the MT resection bed. All 4 surgeons practiced performing MT for several months prior to the initiation of the study. Two surgeons (C.J.H. and M.J.C.) performed over 95% of the study procedures, and they observed each other's MT and ET procedures prior to the study to ensure they were using similar techniques. Although some degree of thermal tissue trauma occurred as a result of spot electrocautery on the MT side, the study children still reported significantly less pain on the MT side over most of the study period.
Following bilateral tonsillar procedures, there may be a tendency for the sensation of pain to be generalized to the entire oropharynx. In this situation, a paired study design would tend to decrease the difference in reported pain from one side to the other, increasing the chance of a type II error. Despite this tendency, our study was still able to show a significant reduction in pain using the MT technique. Alternatively, one might argue that a paired study design could highlight differences between the 2 sides and cause a child to focus solely on a single side as the source of their pain. Our data do not support this contention, however, as individual pain scores were consistently within 1 to 2 points of each other throughout the course of the recovery period, and only 1 child scored pain on either side as a 0 (on both sides at day 14).
Although the paired study design is particularly strong for measuring differences in pain, the inability to treat each child's overall status as a product of 1 procedure or the other makes it impossible to measure other commonly reported outcomes. Time to return to normal diet and activity, time spent in recovery, rate of admission postoperatively, the incidence of postoperative nausea, vomiting, dehydration, and pain medicine requirements cannot be assessed for each procedure using this type of study design. Many of these additional outcome measures, however, are surrogates for measuring the degree of pain experienced postoperatively. Although their correlation is useful in standard control studies, measurement of these variables is not necessary to validate our findings. Data in existing and future unpaired, randomized, controlled trials could be used to examine these outcomes. In addition, we did not measure intraoperative blood loss for Abbreviations: ET, electrosurgical tonsillectomy; FPS-R, Faces Pain Scale-Revised; MT, microdebrider tonsillotomy. *N = 25 per side. †Data are given as mean ± SD (95% confidence interval).
each procedure in our study because other authors have reported no significant increase in the amount of intraoperative bleeding with MT compared with ET, and we did not consider this a major morbidity of the procedure, choosing rather to focus on pain.
4,10
The FPS-R was chosen as the pain measuring instrument because of its ease of use by both children and their families and its validation in children 4 to 5 years and older. The FPS-R uses 5 facial expressions scored in a 0-to 5-or 0-to 10-point format; the original Faces Pain Scale had 6 faces scored on a 1-to 6-point scale. In the validation studies, the FPS-R scores correlated with linear pain measuring tools such as the visual analog scale, and a discussion with one of the scale's developers confirmed that it is a linear, equal interval scale. 12 Therefore, the paired t test could be used as the outcome statistic. As with any pain measuring tool, the FPS-R has limitations, especially when comparing pain scores among children of varying ages. It has been shown that younger children tend to score toward the extremes on the pain scale, but this effect is most pronounced in children younger than 5 years, an age group not included in our study. 12 The paired study design may also be advantageous in reducing the potential for error related to individual interpretations of scale expressions. Because the FPS-R had previously been validated only in children 5 years and older, we limited our study population to this age group. We recognize that a significant number of children with airway obstruction from tonsillar hypertrophy are younger than 5 years. We believe our results are generalizable to this younger population as well. In fact, the less painful MT technique may have even greater value in younger children in whom the use of postoperative narcotic pain medications may be contraindicated.
Because there is dual concern for comfort and safety in tonsillectomy procedures, we also collected data regarding bleeding in our 25 children. There were no bleeding events during the course of the study. Owing to the small sample size, no definitive statement can be made in this regard from our data. However, other studies published to date have shown either no change or a trend toward decreased postoperative bleeding in tonsillotomy patients. [4] [5] [6] 10, 15 The most recently published is a large retrospective study of 870 children undergoing MT and 1121 children undergoing ET, which revealed a significantly decreased risk of primary and secondary postoperative bleeding after MT (0%-1.4%) compared with ET (3.3%). 15 Future studies will help determine whether the reported decrease in posttonsillectomy bleeding after MT is a temporary phenomenon related to increased intraoperative vigilance using a novel technique or truly a long-term improvement in child safety.
We did not formally evaluate relief of tonsillar hypertrophy symptoms in our data collection. Other authors report symptomatic relief from partial tonsillectomy that is comparable to traditional tonsillectomy. [3] [4] [5] [6] 10 A major concern regarding partial tonsillectomy has been tonsillar regrowth or infection and /or the need for reoperation. It is important to note that these events are not mutually inclusive. Some children who have tonsillar surgery for airway obstructive symptoms may experience regrowth of tonsillar tissue. However, because of age-related changes in upper airway dimensions subsequent to surgery, such regrowth may be insignificant from an airway obstruction standpoint. A study of 870 children at post-MT status showed an incidence of 0% to 0.9% for significant tonsillar regrowth over a mean 1.2-year follow-up. 15 Perhaps a more important question concerns the potential for tonsillitis involving the partially resected tonsil and whether infection of a tonsillar remnant is more difficult to diagnose and treat if it occurs. Future studies may choose to address the efficacy of partial tonsillectomy in relieving infectious complications as well, although to our knowledge there are currently no data to support this surgical indication. Limiting tonsillotomy to those undergoing the procedure for upper airway obstructive symptoms as opposed to those who have recurrent infections may reduce potential morbidity related to infection in persistent tonsillar tissue.
One disadvantage of MT is the increased cost relative to ET, as there is a charge for the microdebrider blade. Most of the newer techniques for tonsillar surgery share the shortcoming of increased cost for instrumentation. It remains to be seen whether the reported reductions in postoperative pain and bleeding rates will translate into an overall cost savings for this technique. Another potential disadvantage is the occurrence of intraoperative bleeding during resection, necessitating control with a monopolar suction cautery. As previously described in the literature, performing the resection in a layered fashion from medial to lateral and cauterizing as needed to maintain a clear view of the operative field may minimize this problem. 4 Although we did not collect data on total operative time with the MT technique, others have reported increased operative times of several minutes when using a microdebrider.
4,10 These differences should diminish as surgeons become more experienced with the technique.
CONCLUSIONS
The goal of all surgery is to maximize symptomatic relief and minimize morbidity. Current trends in tonsillar surgery emphasize this fact. In cases in which airway obstruction is the indication and infection is not a significant factor, existing evidence suggests that tonsillotomy is equivalent to traditional tonsillectomy for symptom relief with a significant reduction in perioperative morbidity. We have shown in a randomized, double-blind, paired control trial that MT results in significantly less pain compared with traditional ET. The evidence suggests that any technology used to perform a partial tonsillectomy with preservation of the tonsillar capsule should yield similar results. The use of instrumentation such as the microdebrider with less heat transfer to surrounding tissues is likely to result in additional reductions in postoperative pain. Future studies will be useful in comparing instruments and techniques now available for tonsillar surgery to determine the optimal choice in terms of safety, efficacy, cost, and ease of use. 
